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Models with scalar triplets can have a large impact on the electroweak precision S-parameter and
have to be dealt ”with extreme prejudice”. Such models, and in particular the Georgi-Machacek
(GM) model, involve a complex triplet scalar containing doubly-charged Higgses plus a real triplet
and are of recent phenomenological interests. It turns out that large mass splittings within the
triplet will not be allowed by the S-parameter in the absence of extra fermionic degrees of freedom.
Simply speaking, having only an extra triplet of scalars severely restricts the mass splitting within
that triplet even with the present precision on the S-parameter which will further be improved with
the proposed Higgs factories.
I. INTRODUCTION
The present dearth of new physics beyond the Stan-
dard Model (BSM) has motivated the community to push
for wider searches for new particles which may or may not
show up at the LHC. It goes without saying that the min-
imal SM is highly unsatisfactory, despite of its successes
in describing the known interactions except for gravity.
For example, the nature of the spontaneous symmetry
breaking of the SM is up-in-the-air since the only knowl-
edge that we have about the 125-GeV 0+ particle discov-
ered in 2012 (without making extra assumptions) was its
signal strength (production cross section x branching ra-
tio, normalized by the corresponding quantity evaluated
in the SM). It is not unreasonable to ask if other types
of Higgs scalars exist and which can contribute to the
spontaneous breakdown of the SM.
Of particular interest are Georgi-Machacek (GM)-type
of models [1] which contain a complex triplet χ˜ =
(χ˜++, χ˜+, χ˜0) and a real triplet ξ = (ξ+, ξ0, ξ−). As ex-
plained in [], these two triplets are required to coexist
and to have equal vacuum expectation values (VEV) in
order to maintain a custodial symmetry at tree level so
that ρ = m2W /m
2
Z cos
2 θW = 1. Without any doubt, the
discovery of these triplet Higgs scalars would certainly be
very exciting for, not only they might point to the origin
of neutrino masses [2], they can also elucidate the mecha-
nism for the spontaneous breakdown of the SM. However,
a mere introduction of the GM triplets into the SM comes
at a cost: the electroweak precision parameter S severely
limits its parameter space. This fact which we will show
below restraints in a significant way the phenomenology
of the GM triplets.
On the other hand, there are models which contain,
in the SU(2)L sector, one scalar triplet alone in addi-
tion to the usual SM particle content [3]. As we shall
see below, the contribution to the S-parameter is gener-
ally negative and can be large in magnitude for a wide
range of parameters (e.g. triplet mass splitting). How-
ever, the present constraint on S severely restricts the
mass parameter space and will be even more so with bet-
ter determinations of S from proposed e+e− colliders.
II. CONTRIBUTIONS TO THE S-PARAMETER
FROM SU(2)L SCALAR TRIPLETS
In this section, we will study the implications the S-
parameter on models containing SU(2) scalar triplets,
starting with the present value of S to its possible de-
termination at future e+e− colliders. From hereon, we
shall denote the new physics contribution to S by Snew.
We first start with the ideal case where Snew = 0 (or
very small) which coincides with that of the Standard
Model and ask under which conditions the new physics,
if any, is indistinguishable from the SM as far as Snew
is concerned. We then move on to discuss the more re-
alistic cases: the present constraint Snew = 0.02 ± 0.07
followed by expectations for Snew from data obtained at
the proposed e+e− colliders.
Let us suppose that Snew = 0. We propose the follow-
ing statement: Snew = 0 is consistent with the min-
imal Standard Model and with models in which
this occurs because of cancellations among sec-
tors that can contribute to Snew. Extensions of
the SM with only SU(2)L Higgs triplets and noth-
ing else extra will be consistent with Snew = 0 only
in the extreme fine tuning situation.
We first start with a simplified discussion with just
one SU(2)L scalar triplet (typical of Left-Right (LR) and
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2Type II Seesaw models) and move on to a more involved
triplet structure such as the GM model and also the
Electroweak-scale right-handed neutrino (EW-νR) model
[2]. Notice that, in the former class of models, it is well-
known that the VEV of the triplet scalar has to be small
in order to accommodate ρ ≈ 1 at tree level while the
GM-class of models can accommodate VEVs of the or-
der of the electroweak scale ΛEW ∼ 246 GeV.
The contribution to the S-parameter from an SU(2)L
scalar triplet has been computed in [4] and later recal-
culated within the framework of the Electroweak-scale
right-handed neutrino model (to be referred to as the
EW-νR model from hereon) [9]. It takes the form [4]
Striplet =
2
9pi
{1
3
ln ζ + 8
∫ 1
0
dxx(1− x) ln(x+ ζ(1− x))},
(1)
where, in [4], we have defined ζ = (1 − 2β2)/(1 + β2))
with β = m′/m and m′ is the mass splitting parameter.
The degenerate case corresponds to m′ = 0 or β = 0.
Below is the plot of S (≡ Striplet) versus β.
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FIG. 1. S vs the mass splitting ratio β = m
′
m
. The dashed
and the dotted lines represent the current precision (PDG)
and the projected precision for the ILC and CEPC colliders.
As one can see from Fig. 1, the S-parameter can be
very negative for a large mass splitting. Also shown are
the current precision S = −0.05 (S = 0.02 ± 0.07 from
PDG) [5] and the projected precision from the planned
ILC,CEPC, and FCCee [6]. This simple model shows that
the present constraint from S limits the mass splitting
within the triplet to be m
′
/m < 0.48 due to the fact that
the error on S is still large. We can expect that, with a
better precision that can be obtained at planned Higgs
factories such as the ILC and CEPC, the mass splitting
will be narrowed down to ∼ 0.35 while at the planned
FCCee, it is ∼ 0.25 (a number which will be updated in
the near future).
Fig. 1 shows that Snew = 0 only for the degenerate
case m
′
= 0. This, of course, is a highly fine-tuned situ-
ation. As we show below, the case Snew ≈ 0 can be real-
ized for large triplet mass splittings if there exists mirror
fermions whose contributions to S can cancel those from
the triplets with appropriate choices of parameters. We
would like to stress that there are several of such choices.
Phenomenological analyses of models containing, be-
side SM particles, one Higgs triplet of SU(2)L will have
to seriously take into account constraints coming from
the S-parameter which limits the mass parameter space
of members of that triplet. These constraints are shown
in Fig. 1. If we denote the triplet by (∆0,∆+,∆++) and
if, for example, M∆+ ∼ 200 GeV, then M∆++ < 300 GeV
from the present constraint m
′
/m < 0.48. On the other
hand, present LHC limits on the mass of the doubly-
charged scalar ∆++) based on rather special assumptions
put M∆++ > 770−870 GeV for B(∆++ → l+l+) = 100%
and M∆++ > 450 GeV for B(∆
++ → l+l+) = 10% [7],
and M∆++ > 800−820 GeV for B(∆++ → l+l+) = 100%
(e+e+, ...) and M∆++ > 643 − 714 GeV for B(∆++ →
l+l
′,+) = 100% (e+µ+, ...) [8]. The aforementioned S-
parameter constraint would then imply that M∆+ >
234− 452 GeV (with branching ratios for 10% to 100%)
for the ATLAS bounds and M∆+ > 334 − 426 GeV for
CMS. (One should of course take these bounds with a
grain of salt.)
The GM model contains a complex triplet χ˜(Y/2 =
1) = (χ++, χ+, χ0) and a real triplet ξ (Y/2 = 0) =
(ξ+, ξ0, ξ−) where the weak hypercharge is Y/2. These
scalars can be put in a 3×3 matrix, a (3, 3) representation
of a global SU(2)L × SU(2)R symmetry. As emphasized
in [1], 〈χ0〉 = 〈ξ0〉 = vM gives SU(2)L × SU(2)R →
SU(2)D where SU(2)D is the custodial symmetry which
preserves, at tree level, ρ = 1 or M2W = M
2
Z cos
2 θW . As a
result, the GM model allows vM = O(ΛEW ≈ 246 GeV).
This feature was used by [2] in the construction of the
EW-νR model in which non-sterile νR’s have masses pro-
portional to ΛEW ≈ 246 GeV and can be searched for at
the LHC.
Including the usual Higgs doublet, the following
physical scalars are classified as representations of the
custodial symmetry SU(2)D. Five-plet (quintet) :
H±±5 , H
±
5 , H
0
5 ; Triplet : H
±
3 , H
0
3 ; Two singlets :
H01 , H
0′
1 . The contribution of these physical scalar states
to the S-parameter has been computed in [9] for the
Electroweak-scale right-handed neutrino (EW-νR) model
3[2]. The model contains mirror fermions and the GM
triplets. The calculations were done separately for the
scalar and mirror fermion sectors. In [9], we have carried
out computations for the S and T parameters by varying
the masses of the various scalars as well as the mixing
parameter sin θH . We also varied masses of the mirror
fermions. Details of the calculations can be found in [9].
In what follows, S˜ and T˜ refer to new physics contribu-
tions to the S and T parameters.
In the second plot of Fig. 2, S˜scalar ≡ S˜S . The first
plot in Fig. 2 shows the contributions to T and S from
the scalar sector for a large set of parameters with 10,000
combinations of mass and mixing parameters. As em-
phasized in [9], those points (not an exhaustive list) are
chosen for values of masses consistent with perturbative
constraints.This first scatter plot shows a wide range of
values for S and T, out of which the region T˜S ≈ 0 and
S˜S ≈ 0 occupies a small fraction of the parameter space.
The next plot in Fig. 2, shows, as an example, the varia-
tion of S˜S as a function of the mass splitting within the
SU(2)D triplet for a set of mass and mixing parameters.
Although one can always find a combination of param-
eters for which S˜S ≈ 0, the above plots show that there
is a large parameter space for which S˜S 6= 0 where there
could exist a wide range of mass splittings among the
scalars. If we could ascribe probabilities to the points in
the first plot of Fig. 2, it is not unreasonable to say that
the parameter region where T˜S ≈ 0 and S˜S ≈ 0 has a
”low probability” and hence is more subject to ”fine tun-
ing”. A large fraction of the parameter space would be
excluded by the present constraint on S if there are no
additional degrees of freedom in the model.
Fig. 3 shows what these additional degrees of freedom
might be: the mirror fermions of the Electroweak-scale
right-handed neutrino (EW-νR) model [2]. As shown in
[9], the new physics contributions to S and T are now
S˜ = S˜S + S˜MF and T˜ = T˜S + T˜MF , where MF stands
for mirror fermions. First, for the set of masses con-
sistent with perturbative constraints, the third plot in
Fig. 2 shows a scatter plot of the contributions of mirror
fermions to S and T. Second, as expected, the contri-
butions of mirror fermions to the S-parameter are pos-
itive since they belong to SU(2) chiral (right-handed)
doublets. It is these positive contributions from mirror
fermions which could potentially ”cancel” the negative
contributions from the scalar triplets as shown in Fig. 3.
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In these plots, the red and blue points refer to the 1 σ
and 2 σ constraints based on earlier values of S and T,
namely S = −0.02± 0.14 and T = 0.06± 0.14. Although
the plots shown here will be updated with the new values
S = 0.02 ± 0.07 and T = 0.06 ± 0.06, it is sufficient to
4show the trend of cancellations between the scalar and
mirror fermion sectors.
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III. CONCLUSIONS
In this note, we have discussed implications of
electroweak precision constraints, in particular the
S-parameter, on models containing Higgs triplets.
Presently, S = 0.02 ± 0.07 and T = 0.06 ± 0.06 with
projected errors to be further reduced from data ob-
tained at planned electron-positron colliders. Based on
the current and projected precision of the electroweak
precision parameters, it is found that models which con-
tain Higgs triplets in addition to the SM particle content
are tightly constrained in terms of mass splitting within
the scalar triplet, to the point of ”fine tuning” as the
precision improves in the future. It is also found that
models which contain additional mirror fermions beside
the scalar triplets, such as the EW-νR model [2], can
evade such constraints due to the cancellations between
the scalar and mirror fermion sectors.
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